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I. ABSOLUTE PHYSICAL EFFICIENCY
The development of proper and practical tests for the estima-
tion of the dynamic physical fitness of adolescents presents the same
difficulties which accompany all attempts to study any aspect of the
physiology of members of that group: the variations in degree of
maturity and size which obtain for each of its chronological age
groups are so great that standards of achievement and of procedure
require both considerable study and considerable apology. An
attempt has been made, however, to study various aspects of the
response of adolescents to exercise, and to develop a simple, practical
method which can be used to test their ability to perform and to
recover from brief, strenuous exercise. Only physical fitness so
defined is considered here. It is realized that no single test can
measure fitness, in all its aspects, with great accuracy.10 There is,
however, a close relation between many of the physiological changes
which accompany exercise,1'46 and a reasonable estimate of fitness
can be obtained by a study of a combination of such factors as maxi-
mum heart rate, maximum lactate and duration of work,7 or of
duration of work and deceleration of heart rate following work.8
In our first investigations the amount of work given each subject
was kept constant regardless of his size or age, as it is in most meth-
ods oftestingadults, becausewe were interestedin finding what rela-
tion exists between absolute capacity to perform muscular work and
either age or body surface. Our later modifications of this pre-
liminary technic were made possible by the information gained in
that way, and more practical methods of testing fitness gradually
have been developed.
Method
A group of 149 boys who had been declared normal following a complete
medical examination and ranging in age from 13 to 19 years were chosen,;
for the purposes of another study each of these individuals was selected because
of membership in one or another athletic group. Each boy, regardless of his
age or size, was asked to ride a bicycle ergometer at a rate of 20 miles per
hour against a friction load of 5 pounds for 5 minutes. Before exercise,
during the work period, and also during the subsequent 5-minute recovery
period, a continuous recording of the subject's heart rate was taken on a
Guillemin cardiotachometer.3 Five minutes after exercise blood for a lactate
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determination was obtained. The maximum heart rates referred to in this
report were obtained by counting the rate during the final 30 seconds of
exercise and multiplying by two. The fitness index8 is calculated by use of
the formula:
Index= Duration of work in seconds x 100
2 x Sum of heart rates taken 1-1X2, 2-2y2, and 4-4X2 minutes after exercise
Blood lactate determinations were made according to the method of Edwards.5
Work indices were calculated from the formula:'
WI = (Duration of exercise in seconds) minus [(Max. H. R. per minute) plus
(maximum lactate in mg. per 100 cc. blood) ]
When a subject was unable to maintain a rate of 20 miles per hour, his indices
were determined by multiplying the duration of exercise by the actual rate in
miles per hour divided by 20 miles per hour in order properly to correct his
index in relation to the amount of work done.
Table 1 lists the age range and distribution of the boys tested and also
gives the number in each of 5 arbitrarily chosen body-surface groups. Sur-
face area Group I includes all those whose surface area, as calculated by a
TABLE I
DISTRIBUTION OF THE 149 BOYS WITHIN AGE AND BODY-SURFACE GROUPS
Age Number Surface-area group Number
13 ...................... 6 .... ....
14 ...... .............. 12 I 16
15 ...... .............. 22 II 45
16 ....... ............... 30 III 40
17 ...... .............. 50 IV 34
18 .................... 19 V 14
19. 10 ...
nomograph, was 1.54 square meters or less, Group II includes those between
1.55 and 1.74 square meters, Group III those between 1.75 and 1.84 square
meters, Group IV those between 1.85 and 1.99 square meters, and Group V
those whose surface area was 2.00 square meters or more. These particular
groups were chosen only because the 149 individuals could apparently be
distributed within them in a fairly reasonable fashion: it early seemed likely
to us that it might be helpful to compare the data of members of one size
group with those of another. Division into groups on the basis of either
height or weight alone was found unsatisfactory.ABSOLUTE PHYSICAL EFFICIENCY
Results
1. Practicability and severity of the test.
Since physical fitness has been defined in relation to strenuous
work and because differences in fitness become small when sub-
jects are given only light work,8 we have attempted to develop tests
which demand a degree of work during each unit of exercise time
which could not long be maintained by any individual in a steady
state. Our results, as well as our observations, make it evident that
for general use within this age group, the conditions of our test were
often too severe. Eleven boys (Table 2) were extremely fatigued
by the test and experienced either nausea or vomiting, or both: only
3 of these 11 were 13 or 14 years old; 9 of the 11 were in either
Group I or II. Age or size, however, may be less of a factor in
ability to complete the test than is fitness: 4 of the 11 boys were
aged 17 years or more, and only one member of the smallest body-
surface group experienced nausea.
TABLE 2
DATA CONCERNING THE ELEVEN BOYS WHO EXPERIENCED EITHER NAUSEA OR
VOMITING, OR BOTH, FOLLOWING THE EXERCISE PERIOD
Subject Miles per hour Age Surface-area group
(2) A.S. .............................. 20 14 II
(4) J.S. .............................. 10 15 I1
(8) P.T. ............ 12 17 II
(5) F.P. .............................. 16 15 II
(11) J.P. .............................. 20 19 III
(3) P. M ..20 14 I
(6) C. M 17 15 11
(9) R. M 17 18 II1
(7) J.K. .15 15 II
(1) D.F . 20 13 II
(10) D C. . ............................. 20 18 II
The number of boys-in each age and body-surface group who
did not maintain a speed of 20 miles per hour (Table 3) also indi-
cates the severity of the test: the failure of a very large number of
the smallest boys, and a large, but considerably smaller proportion
of the younger boys, to maintain 20 miles per hour, suggests not
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only that the test conditions were too severe but also that it would
be more proper to adjust the conditions of the test in relation to the
size rather than to the age of the subject.
TABLE 3
NUMBER AND PER CENT OF BOYS IN EACH AGE AND BODY-SURFACE GROUP
WHO WERE UNABLE TO MAINTAIN 20 MILES PER HOUR
Surfe-area
Age Number Per cent group Number Per cent
13. 1............. 3 0 I 14 87.5
14...............8 66 II 28 62.2
15. ............. 14 59 III 13 32.5
16. ............. 13 43 IV 6 17.6
17. ............. 18 36 V 1 7.1
18...............4 21 .... .... ....
19...............2 20 .... .... ....
In order further to indicate whether those individuals who did
not maintain 20 miles per hour were unable rather than unwilling
to do so, we have calculated their average maximum heart rates
TABLE 4
AVERAGE MAXIMUM HEART RATES AND AVERAGE BLOOD LACTATE FOR THOSE IN EACH
AGE GROUP WHO MAINTAINED, AND FOR THOSE WHO DID NOT MAINTAIN,
20 MILES AN HOUR
Av. max. heart rate Asv. lactate Cases Cases le -- A
A le
Age 20mph. <20mph. 20mph. <20mph. 20mph. <20mph.
13 .................... 3 3 198.0 192.6 101.4 90.3
14 .................... 4 8 192.5 192.5 96.6 92.7
15 .................... 7 14 184.6 194.0 93.8 97.8
16 .................... 17 13 188.3 193.6 103.5 120.7
17 .................... 33 18 185.2 189.0 104.1 122.1
18 .................... 15 4 186.0 193.5 98.3 118.0
19 .................... 8 2 182.0 189.0 86.8 140.0
Total .87 62 186.4 192.0 100.2 111.3
and their average blood lactate levels and compared them with the
averages of those boys who did maintain 20 miles per hour. The
data in Tables 4 and 5 show that the majority of those who did notABSOLUTE PHYSICAL EFFICIENCY
maintain 20 miles per hour developed as high maximum heart rates
and as high lactate levels as those who did maintain that rate, and
suggest that they were unable rather than unwilling to tolerate
those levels. Our observation of them during the test would con-
firm these findings. The average maximum heart rates and lactates
for the 5 boys who maintained 20 miles per hour but who experi-
TABLE 5
AVERAGE MAXIMUM HEART RATES AND AVERAGE BLOOD LACTATE FOR THOSE
BODY-SURFACE GROUPS WHO MAINTAINED, AND THOSE WHO DID NOT
MAINTAIN, 20 MILES PER HOUR
Av. max. heartrate Atv.lactate Surface- Cases Cases _A_ ,-" 41 -1
area group 20 mph. <20 mph. 20mph. <20mph. 20mph. <20mph.
1. ......... 2 14 203.0 193.2 104.1 101.3
II.......... 17 28 189.8 192.3 108.8 113.2
III.......... 27 13 187.4 194.3 99.2 130.0
IV ......... 28 6 185.8 186.0 101.3 107.8
V......... 13 1 178.6 182.0 88.3 106.0
Total .. .... 87 62 186.4 193.6 100.2 113.4
enced nausea, and who are listed in Table 2, were 195 per minute
and 115 mg., respectively. These averages for a small group, who
maintained 20 miles perhourwith great difficulty, were onlyslightly
higher than the averages for the 23 other members of Group II who
were unable to maintain 20 miles per hour. These data indicate
that the great majority of our subjects worked up to the limit of
their capacity.
2. Relation of maximum heart rate to fitness and age.
The decrease in average maximum heart rate as one ascends the
age and size groups which were able to maintain 20 miles per hour
(Tables 4 and 5), may be considered as evidence that the work
became progressively easier for the older and larger boys. It will
be noted in Table 4 that there is little diminution in the average
heart rate from age group to age group when only those boys unable
to maintain the conditions of the test are considered, and from this
one can suspectthat fitness ratherthan age affects the maximum rate.
The average maximum heart rate for the 13, 14, and 15-year-old
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boys who maintained 20 mi
of 18-year-old boys it was
younger boys was 75.6
and for the older 78.1.
Thus, it seems more rea-
sonable to explain any
difference in maximum
rate on the basis of varia-
tions in the severity of
the work in relation to
size or fitness rather than
to age. The average
maximum rates ofthe 17,
18, and 19-year-old boys
who were able to main-
tain 20 miles per hour
was 184.9 which is some-
what lower than the aver-
iles per hour was 189.7 and for the group
186.0; the average fitness index for the
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FIG. 1. The relation of fitness index to maximum
heart rate in 87 individuals who maintained 20 miles
per hour.
age rate, 189.7, for the boys in the same age groups who were
unable to maintain 20 miles per hour. It seems fair to conclude,
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FIG. 2. The relation of blood lactate to maxi-
mum heart rate in 87 individuals who maintained
20 miles per hour.
therefore, that within these
age groups and under these
test conditions the maximum.
heart rate is more influenced
by the fitness of the subject
than by his age. An inspec-
tion of Figs. 1 and 2 will indi-
cate the impossibility of pre-
dicting fitness, as measured by
either heart rate deceleration
or the amount ofblood lactate,
from the maximum heart rate
alone.
3. Relation ofinitial heart rate to fitness.
The unreliability for members of these age groups of any fitness
formula which includes the heart rate obtained just before the test
work is begun is easily recognized by anyone familiar with adoles-
cents: the lability of their heart rates and the marked effect of appre-
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hension and tension upon the heart rate is too well known to require
further comment.9 The relationship of basal heart rates,9 which
are very different from initial heart rates, to fitness is of significance
in only one regard. An individual whose basal heart rate is either
abnormally slow or abnormally fast may have a fitness score (based
on the ability of his heart to decelerate after exercise) somewhat
higher or lower than one would expect in an equally fit individual
whose basal rate is within normal limits. Such instances are very
unusual, however, and it should be pointed out that, for example,
an abnormally slow basal heart rate does not insure an unusually
high fitness score: one of our students whose basal heart rate is 46
has had indices which have ranged from 79 to 140, their variation
depending entirely upon his
state of fitness as judged by <
his training condition and his
performance capacity.
The lack of a satisfactory t 110
correlation between initial v .... _ _
heart rates and fitness index X . _.
is evident in Fig. 3. A group <
of 20 boys who had an im- *
provement in fitness index of z * .
more than 10 per cent (an x. *
average improvement of 12.4 fo sO , 6 500 11O
points) following several PHYX5CAL FITNESS INDEX
weeks of strenuous athletics
FIG. 3. The relation between initial heart rate
were found to have an aver- and physical fitness indices.
age decrease in initial heart
rate of 3.5 beats per minute: about one-third of these had higher
initial heart rates at the second test than at the first one. As further
evidence of the unreliability of the initial heart rate in any estima-
tion of fitness we should mention the not infrequent dbservation of
slower heart rates during the brief recovery period after exercise
than were recorded just before the test began. It is not onlybecause
initial heart rates are too often affected by apprehension but also
because this measurement does not correlate with improvement in
fitness that it is not included in the fitness index formula. The data
for this age group are confirmed by data available on older college
students: in those individuals, with the exception of a few well-
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trained athletes, no relation was found between basal or initial heart
rates and the capacity to perform hard work.2
4. Relation of fitness index to body surface and age.
In Table 6 are listed the fitness indices for each age and body-
surface group; only those 87 boys who maintained 20 miles per hour
are included. The numbers in the younger age groups are too small
to be significant, but whereas there is little difference between the
average scores of the 16,
17, and 18-year age no .groups, there is a gradual
increase in average recov-
x ery index in each succes-
z . sive surface-area group.
9 * It was these data, as well
as our observations, which
z . led us subsequently to
* AV;-.8.5 adopt the convention of
_J a* AV--.80 adjusting the bicycle load
7v * V77 : in relation to the subject's
AVX.Xv73 : size. Anyone familiar
AV-....70 X ^ Av_0 * with these age groups
L00 will readily appreciate *n . the great differences in
size which obtain within SS I E m = Y members of the same age
BODY SURFACE GROUPS group and the consequent inequa lties in any plan
FIG. 4. Distribution and averages of fitness indices
within each of the body-surface groups. which apportions work on
the basis of age rather
than size. The use of either height or weight alone, because of the
frequency of disproportionate growth in adolescence, is less satisfac-
tory than is some combination of the two. Figure 4 shows the dis-
tribution of fitness indices within each of the body-surface groups.
5. Blood lactate.
The blood lactates both for those groups who were and who were
not able to maintain 20 miles per hour are shown in Tables 4 and 5;
the lowest average lactates are found in the older and larger boys
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who were able to maintain 20 miles per hour, and it is reasonable
to believe that this is due to their greater size and better fitness.
TABLE 6
THE AVERAGE RECOVERY INDEX SCORES FOR EACH OF THE AGE AND
SURFACE-AREA GROUPS
Surface-
Age Cases Av. R. I. areagroup Cases Av. R. I.
13............ 3 74.0 I 2 69.5
14 ............ 4 73.0 II 17 73.4
15............ 7 79.3 III 27 77.3
16 ....... .... 17 77.1 IV 28 80.3
17 . 33 78.9 V 13 83.2
18. ........... 15 78.1 .... .... ....
19 ............ 8 81.0 .... ....
Total ............ 87 Av. 78.2 .... 87 78.2
The larger boys who were unable to maintain a rate of 20 miles
per hour developed the highest lactates, which certainly indicates
that size could not be the
only factor. Figures 2 and S _
show that the correlation
between blood lactates and
CD
maximum heart rates and < _ __
between blood lactates and :a
fitness indices is not high. o
Low blood lactates (less than 3 2 7__
85 mg.) were accompanied CD(
by maximum heart rates all PHSI0 F0TNESS INDEX the way from 150 to 198 per PHYSICAL FITNES5 INDEX
minute, and by fitness indices FIG. 5. Relation between blood lactate and fit-
ranging from 71 to 108. nss index in 87 boys who maintained 20 miles
There was a tendency, how-
ever, for the higher lactate levels (over 115 mg.) to accompany
higher maximum heart rates and lower fitness indices.
6. The work index.
Table 7 gives the average work indices for each of the size and
surface-area groups. Only those individuals who maintained 20
miles per hour are included. A very regular increment in average
667YALE JOURNAL OF BIOLOGY AND MEDICINE
work index with increase in size is shown, which is again probably
due to the fact that the work was easier for the larger boys. Th-
relation between work index and age is less definite.
TABLE 7
AVERAGE WORK INDICES FOR EACH AGE AND BODY-SURFACE GROUP
Av. work Surface- Av. work
Age Cases index area group Cases index
13 .......... 3 0.7 I 2 -7.0
14 .......... 4 11.0 II 17 1.5
15 .. 7 21.3 III 27 1 5.0
16 .... 17 8.2 IV 28 11.3
17 .... 33 11.7 V 13 37.0
18 ........1...5 16.2 .... .... ....
19 ........... 8 31.3 .... .... ....
Total ........... 87 Av. 13.9 .... 87 13.9
The work index attempts to give an estimation, because it
includes maximum heart rate and blood lactate level, of the efficiency
of the individual during exercise; the fitness index indicates his
TABLE 8
DATA CONCERNING THE PERFORMANCE CAPACITY OF TWO BOYS WHOSE FITNESS
WAS NOT EQUAL
Heart rates
During
exer-
Initial cisc During Max.
Sub- Body eart 45/2-5 recovery lac-
ject Age Ht. Wt. surface rate min. 6-65/2 7-752 9-95/2 tate
R. B. 15.6 70 148 1.83 76 176 124 112 100 84.3
F. P. 15.7 68.5 138 1.74 80 212 160 140 126 136
ability to recover from that exercise. It is, therefore, of interest to
know how closely the two mechanisms are related. Figure 6 indi-
cates the presence of some relation between work index and recovery
index. No boys with fitness indices over 85 had work indices of less
than 20, and only one with a fitness index less than 70 had a work
index greater than 1; only one boy with a work index greater than
35 had a fitness index of less than 75, and only 4 boys with a work
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index of less than minus 10 had fitness indices over 75, and none of
these was over 79. It is reasonable to condude that there is a rela-
tion between the collective factors in the work index calculation and
dynamic fitness as determined by the rate of heart deceleration fol-
lowing exercise.
In Table 8 a summary of our findings in 2 boys of similar build
and age, one in good and the other in poor condition, is presented;
z,~
U*) 0 0 R
z2.
Ao ..w .a0 .4r0 .m 0 p .0
WORK INDEX
FIG. 6. Relation between fitness index and work index.
the actual performance capacity of these two individuals is clearly
indicated. F. P. was unable to maintain more than 16 miles per
hour and yet his maximum heart rate and lactate exceeded those of
R. B. who maintained the standard rate of 20 miles per hour.
It should be emphasized that the method of measuring physical
fitness which has been described is not recommended for general use
in adolescence. It was employed by us in an effort to obtain data
from which we could devise proper tests for use in this age group.
Our material indicates the advisability of adjusting the work load
on the basis of the subject's size ('body surface). Data regarding
the absolute physical efficiency of various age and size groups have
been reported also. These indicate that physical efficiency increases
in relation to size rather than to age.
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Summary
1. A method of measuring efficiency for hard muscular work
in adolescents, in which work is kept constant, is described.
2. The test conditions were found to be too severe for the
majority of the smaller subjects and this was apparently more
affected by their size than by their age or fitness.
3. Maximum heart rates during a standard amount of exercise
were more influenced by fitness than by age, but fitness could not
be predicted from an observation of the maximum rate alone.
4. Initial heart rate was found to have little correlation with
fitness and is considered to be of value only in estimating the degree
of tenseness or apprehension of the subject.
5. When work is kept constant, the fitness index is more
affected by the size than by the age of the subject.
6. Blood lactate levels did not correlate closely with maximum
heart rates, but there was a tendency for the lower fitness indices to
be accompanied by higher maximum heart rates.
7. A relation was found between work indices, based upon
maximum heart rate and lactate level, and recovery indices, based
upon the heart rate deceleration after exercise.
8. The desirability of apportioning test work, within members
of this age group, on the basis of size, is indicated.
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